Plant roots are well known to have key roles in water and nutrient acquisition from soils. Recent studies using molecular techniques have facilitated our understanding of these physiological processes in tree roots (Mclean et al. 2011; Alber et al. 2012; Laur and Hacke 2013) . On the other hand, a number of studies in the past decades have focused on tree roots as essential in carbon dynamics in terrestrial ecosystems, in which fine roots are a key component of below-ground carbon flux, whereas coarse roots function as a carbon reservoir (Brunner and Godbold 2007) . In addition, recent studies have started to examine the effects of biodiversity on root dynamics or interactions between roots and other organisms, which are important topics to deepen our comprehensive understanding about ecosystem functions of tree roots (Brassard et al. 2013; Meier et al. 2013) . Although studying roots that are hidden in the soil is often difficult, new techniques such as non-destructive imaging have been applied to better understand the dynamics of tree roots (Nakaji et al. 2008; Hirano et al. 2012) .
In September 2014, the ''Sixth international symposium on physiological processes in roots of woody plants'' was held at Nagoya University, Japan. In this symposium, current woody root studies were reported by 37 oral and 77 poster presentations. The topics discussed in the symposium were quite diverse including root growth dynamics, water and nutrient uptake, below-ground carbon allocation and biological interactions (e.g. symbiosis, biodiversity effects). This special issue ''Dynamics and physiological processes of tree roots'' was provided by 21 excellent papers, most of which were from the symposium in Nagoya.
In the first part of this special issue, CO 2 flux in roots and effects of elevated atmospheric CO 2 on root dynamics were highlighted. Although a number of papers were published on root dynamics related to below-ground carbon flux in the past decades as mentioned above, there are still many uncertainties. Bloemen et al. (2016) , in their review, showed that a substantial proportion of CO 2 derived from root respiration remained in root systems and was transported through the transpiration stream. Although these findings were obtained from a limited number of species so far, this phenomenon could impact our current understanding of carbon dynamics in terrestrial ecosystems or CO 2 metabolism in trees. Agathokleous et al. (2016) and Wang et al. (2016) reported results obtained by free-air-CO 2 enrichment (FACE) experiments using deciduous broadleaved species (Betula and Quercus species) in Hokkaido, northern Japan. They examined the effects of elevated CO 2 on the trees grown on two different types of the soil [fertile brown forest soil (BF) and immature volcanic ash soil (VA)]. Agathokleous et al. (2016) showed that elevated CO 2 increased the growth of whole roots in nutrient poor VA soil, but not in fertile BF soil. Wang et al. (2016) , on the other hand, reported that elevated CO 2 decreased standing crop of fine roots and increased their life spans especially in the VA soil. The responses of tree roots to elevated CO 2 varied with factors such as soil resource availability and periods of CO 2 fumigation (Eissenstat et al. 2013; Pritchard et al. 2014 As been often discussed, root dynamics are affected by various biotic and abiotic factors, although it is not easy to explain the effects quantitatively. Ž eleznik et al. (2016) suggested that growth of fine roots in beech (Fagus sylvatica) stands with different conditions (i.e., old growth forest, managed stands and gaps) was related to forest floor precipitation and soil temperature, whereas fine root mortality was more closely related to maximal evapotranspiration, soil temperature and soil water content. Miyamoto et al. (2016) investigated fine root biomass at tropical heath forests on infertile soils (podzols) and at taller forests on more fertile non-podzolic soils, both of which are located at different altitudes in North Borneo. They found that fine root biomass increased with increasing altitude or decreased with soil fertility, which appears to be related to the extent of soil podzolization. Their linear mixed-effects models indicated that soil N availability well explained the variation of fine root biomass. Fujii et al. (2016) focused on fine root decomposition, which is also an important process of fine root dynamics. They showed a significantly positive correlation between leaf and root decomposition in a warm temperate forest in Japan, as well as at the global scale, which could be attributed to a wide range of decomposition rates across species and climatic controls.
It is well known that soil acidification induces changes in soil chemical environments, such as low pH, the increase of Al 3? or other toxic metal ions, and the decrease in nutrient availability, and these changes may negatively affect tree growth (Hirano et al. 2007 ). Moriyama et al. (2016) , however, suggested that Al had beneficial effects on root growth of Quercus serrata seedlings. In their experiments, the roots of the seedlings that were treated with Al also showed increased levels of nitrate reductase, soluble sugars such as glucose and abscisic acid, which could be involved in the increase of root growth. Miyatani et al. (2016) reported fine root traits in seven Chamaecyparis obtusa stands with varied soil acid buffering capacity (soil ABC). They demonstrated that fine roots were more concentrated in the uppermost soil layers in the stands with low soil ABC, where the proportion of thinner fine roots (diam. \0.5 mm) were greater than in high ABC stands. Their results also indicated that specific root length and respiration of fine roots were correlated with soil NO 3 -N in C. obtusa stands.
Climate warming is also considered to have significant effects on terrestrial ecosystems especially in high latitudes, where warming levels are twice as high as the global average (Cohen et al. 2014 ). One of the major concerns is the release of greenhouse gasses from the huge soil carbon stock (Zimov et al. 2006) , whereas vegetation changes caused by the warming may result in the increase of carbon input into soil by increased plant productivity (MyersSmith et al. 2011) . Makoto et al. (2016) investigated soil carbon stock and fine root dynamics in a dry heath alpine tundra on permafrost in Far East Russia, where invasion of dwarf pine (Pinus pumila) has been occurring for the past few decades. Although dwarf pine stands had smaller fine root biomass and greater carbon stock than in the tundra, effects of the dwarf pine invasion were not significant for these below-ground parameters. These results suggested that it would take a long time until the effects of the dwarf pine invasion on below-ground carbon dynamics become evident in alpine tundra of this region. Noguchi et al. (2016) examined fine root biomass in two black spruce (Picea mariana) stands in interior Alaska, which were located on the same north-facing slope, but having differences in depths of permafrost table (shallow vs. deep permafrost plots). They found that both the black spruce trees and understory plants had greater biomass allocation to fine roots in the shallow permafrost plot than in the deep permafrost plot. These results suggest that varied permafrost conditions change above-and below-ground biomass allocation, which, in turn, could affect below-ground carbon dynamics in permafrost forests.
In tropical and subtropical regions, mangrove forests show huge carbon accumulation in the soil, although their distribution is limited to coastal areas (Donato et al. 2011 ). Since mangrove plants are exposed to adverse conditions such as high salinity, physiological processes of mangrove roots are also an interesting research topic. Srikanth et al. (2016) , in their review, comprehensively described morphological and physiological characteristics of mangrove roots. As for salt stress tolerance, they discussed recent progresses on molecular mechanisms controlled under salt stress, which could be a key to understand how mangrove plants have adapted to the coastal environments. Srikanth et al. (2016) also discussed various ecosystem functions of mangrove roots, including flood and sediment control and contribution to biodiversity. Poungparn et al. (2016) reported fine root dynamics in secondary mangrove forests in eastern Thailand, which has three vegetation types from river edge to inland (Avicennia, Rhizophora, and Xylocarpus zones). They showed that fine root biomass in ingrowth cores after 1-year incubation varied greatly among the vegetative zones (290-1170 g m -2 ), which may be due to varied soil temperature and inundation regimes.
Mycorrhizal symbiosis is beneficial for tree growth since it helps plants to take up nutrients from the soil efficiently. It has also been reported that mycorrhiza alleviated toxic metal and salt stresses and supported water transport (Smith and Read 2008) . Nakashima et al. (2016) found that an increased number of ectomycorrhizal root tips improved growth and survival rates of the black pine (Pinus thunbergii) seedlings planted on a coastal area and the effects varied with composition of the ectomycorrhizal fungi. Repo et al. (2016) applied a novel non-destructive method based on electrical impedance spectra to examine the degree of freezing injuries of mycorrhizal (Hebeloma sp or Suillus luteus) or non-mycorrhizal roots of Scots pine (Pinus sylvestris) seedlings. Their results suggested that threshold temperature of freezing injury became lower by cold acclimation (-5 to -12°C vs. -12 to -18°C), although no difference was found by mycorrhizal treatment. Walker et al. (2016) focused on exoenzyme activity of ectomycorrhiza of hybrid spruce (Picea engelmannii 9 P. glauca) seedlings planted in forests and clearcut plots. Growth of the spruce seedlings was similar between the plots, although soil nutrient concentration and some of enzymatic activities were lower in the clearcut plots. This may be due to the functional complementarity of the ectomycorrhizal fungal communities, in which, for example, ectomycorrhiza of Thelephora terrestris, a dominant species in clearcut plots, showed very high acid phosphatase activity compared to other fungal species. Leaf d 15 N varies with tree species and it often depends on the symbiotic microorganisms in roots (Hobbie and Högberg 2012) . Tanaka-Oda et al. (2016) demonstrated that leaf d 15 N ranged from -7.2 to 5.0 % in 108 woody species in a Bornean lowland dipterocarp forest. This large variation suggested how diverse N uptake strategy is (e.g., ecto-or arbuscular-mycorrhizal symbiosis, N 2 fixation and ant symbiosis), and concluded that dipterocarp species with ectomycorrhiza showed higher leaf d 15 N than other species.
Symbiotic N 2 fixation is an important process of N acquisition for leguminous and actinorhizal tree species, which are known to associate with Rhizobium and Frankia, respectively (Sprent 2005 ). This process is also an important pathway of N input into terrestrial ecosystems especially under early successional stage. Tobita et al. (2016) , in their review, indicated that N 2 fixation rates by Alnus species with Frankia ranged from several to 320 kg N ha -1 year -1 . Furthermore, they discussed the effects of elevated atmospheric CO 2 in relation to other abiotic and biotic factors. They suggested that effects of the elevated CO 2 on the N 2 fixation were affected by abiotic factors such as soil N and P availability, and also by biotic factors such as plant-plant interaction with non-N 2 -fixing tree species. To study the N 2 fixation, especially concerning seedling experiments, reliable techniques of inoculation and plant cultivation are needed. Yamanaka et al. (2016) showed that nodule formation (number) of Frankia-Alnus sieboldiana symbiosis was not significantly different when the inoculum was between 0.1 and 50 lL packed cell volume, suggesting a minimum dose of inoculum for constant nodulation. In their experiments, 3.75 mM or lower levels of N addition did not suppress nodule formation, although N 2 fixation activity was lower than control (without N addition) after a 15-week treatment.
As mentioned above, a number of studies have focused on fine roots which are a key component of carbon dynamics in terrestrial ecosystems. However, it is not easy to measure growth of fine roots because they turn over rapidly in the soil. Fine root studies in the past decades used various methods such as ingrowth core, minirhizotron, radiocarbon analysis and so on (Lukac 2012; Sah et al. 2013) . It was reported that each of these methods has advantages and disadvantages in terms of disturbance effects, cost and labor intensity. In this special issue, three papers discussed methodology for estimating fine root production rates. Do et al. (2016) showed a new approach using ingrowth core and scanner methods combined. They suggested that this combination provided better estimates of fine root production rates in a Q. serrata stand by including production of short-living fine roots obtained by the scanner method (two-dimensional image data) in calculations to avoid underestimations that happen by not being able to detect production of such short-living roots with the ingrowth method. Andreasson et al. (2016) compared ingrowth core and ingrowth mesh methods for estimating fine and small diameter roots at Pinus pinaster stands over 3 years. Their results suggested that ingrowth core methods gave more realistic results than the ingrowth meshes, considering the root biomass and morphology obtained by soil cores. Ohashi et al. (2016) also studied the ingrowth mesh (net sheet) method, in which they examined effects of different materials (e.g. polyethylene, stainless steel), aperture size and firmness of the net sheets in Cryptomeria japonica stands in Japan and in a mixed dipterocarp forest in Malaysia. They suggested that flexible nets were better than firm nets to avoid underestimation, whereas the materials and aperture sizes did not affect the estimates of fine root production rates.
As shown here, a variety of tree root studies is presented in this special issue, suggesting that current root studies have targeted diverse physiological and ecological functions of tree roots. It should be noted that new and unique techniques have been applied in these studies. We believe that the papers presented here will greatly improve our knowledge on the diverse functions of tree roots. Furthermore, we hope that this special issue will facilitate further studies on these attractive research topics and contribute to their future progresses. Finally, we appreciate all of the authors for their great contribution to this special issue ''Dynamics and physiological processes of tree roots''. stimulated our knowledge for future tree root studies. We thank
